In this article, we estimate the total costs of the German participation in the Afghanistan war, both past and future. This is a hugely complex and uncertain calculation, which depends on several important assumptions. These assumptions pertain to the different cost channels and the shares of these channels that can be attributed to the German participation in the war. By calculating the costs of the German participation, we provide a framework for other researchers to do the same with respect to other countries. The article can function as a roadmap for researchers focusing on this topic. In the end we find that, in the most realistic of several possible scenarios regarding the duration and intensity of the German participation in the war in Afghanistan, the German share of the net present value of the total costs of the war ranges from 26 billion Euro to 47 billion Euro. These large ranges reflect the uncertainties with which the costs must be estimated. On an annual basis, we estimate that the German participation in the war costs between 2.5 and 3 billion Euro. This contrasts with the official war budget, which is little over 1 billion Euro for 2010, showing that governments may not adequately represent the costs of military action.
Introduction
In this article, we address how one can analyse the costs of going to war. This is an important issue, which is discussed surprisingly rarely in the decision-making process surrounding initial conflict participation. To a large extent, this has to do with the difficulties of forecasting such costs, but the result is that such decisions have been made ad hoc. Additionally, even after the occurrence of a war, there is often little debate about the calculation of the magnitude of these costs. In recent years, this issue does come up more regularly among policy makers, academics and the larger public, particularly in the United States with regard to the wars in Iraq and Afghanistan. Different studies have come up with very different estimations, which indicates the degree of uncertainty regarding both the cost channels to be included as well as the underlying data. This shows that the absence of a useful uniform framework for the analysis of the costs of going to war is an important gap in the literature.
In this contribution, we estimate the costs of the German involvement in the war in Afghanistan for the first time. Since 2001, Germany has been participating in the war in Afghanistan, in cooperation with mostly US troops under the banner of Operation Enduring Freedom. Before the start of the conflict, as is often the case, there was little discussion on the costs of going to war and, even nine years into the war, the cost issue comes up very little. It is important to note that we merely provide a partial equilibrium analysis of the German involvement. After all, the macroeconomic effects that are so important in the analysis by Stiglitz & Bilmes (2008) have to do with the occurrence of the war itself. In the case of Germany, it is reasonable to say that the war would have taken place anyway, even if Germany had not been involved. We therefore only look at the costs to Germany resulting from the German participation in the war in Afghanistan 1 .
Methodologically, we stay relatively close to Stiglitz & Bilmes, except for several adjustments to fit with the specifics of the German situation. This particularly concerns the cost of the Department of Veterans' Affairs, which in their analysis is an important driver of the future costs to the United States resulting from contemporary conflict, while this is not for the case of Germany.
Our first finding is that data availability is a large bottleneck for a calculation such as ours. A lot of the information required to make such estimations is not publicly available and can therefore only be estimated without having full access to classified data. Our second finding is that the German government, which can be expected to be quite representative for governments at large, do not provide the public with all the information. According to the German government, annual outlays for 2010 are just over €1 billion, whereas we find that under the most realistic scenario, the participation in Operation Enduring Freedom is costing the German tax payer between €2.5 and 3 billion per year, up to three times as much as the government claims. We also find that the total economic costs up to 2010 add up to between €16 and 29 billion, compared to the government's claim of €7 billion. For the entire course of the war, under a realistic scenario, the economic costs are likely to be between €24 and 47 billion, where the large band of estimation represents the uncertainty in many of the input variables. Under a scenario in which Germany stays in Afghanistan for a longer period, the costs are even expected to increase to €53 to 92 billion, while an immediate withdrawal still implies a cost of €18 to 33 billion. Unfortunately, it
is not possible to compare these costs to the government's expectations, as it does not publicly acknowledge the existence of such expectations.
The way we proceed is that in the next section, we briefly discuss the background in terms of the literature on military expenditures and conflict cost calculations. Subsequently, we separately discuss all the items included in the necessary calculations and show in some detail what the assumptions that we make are. Following that, we present the results for a set of scenarios and varying assumptions. These assumptions are an important part of our estimations, but also the least certain. For some issues, we are able to make very precise estimates, while other cost factor estimations suffer a large degree of uncertainty. However, as a rule, our assumptions are conservative, particularly for cost factors where the precise numbers are currently difficult to find. In the subsequent section, we present the results of our analysis and discuss some alternative assumptions and methodologies. The final section concludes.
Background
There is a broad literature available that looks that the costs of military expenditures. Examples The second approach estimates the costs of having gone to war after the war has finished. While this may seem simpler than the forecasting method, this is not necessarily true in practice. It is not always certain which channels need to be included for example, particularly when it comes to conflict costs resulting from past conflict but which only accrue in the future. Additionally, one must be able to differentiate between the effects of war and other macroeconomic fluctuations.
An interesting example is the role of healthcare costs. One must estimate the difference between future healthcare costs that would occur anyway due to old age and those costs resulting from the involvement of soldiers in a conflict. Nordhaus (2002) Bilmes (2008) is the best known, but it is certainly not the only one. Edwards (2010) provides a thorough overview of the existing literature and discusses some of the most poignant problems. He focuses on the difficulty of including all cost channels and identifying the healthcare/veterans costs related to conflict. Orszag (2008) The current contribution fits in with the third approach. We combine some of the existing methodologies as proposed by Stiglitz & Bilmes (2008) and others, but adjust the methodology in such a way that it is more appropriate for a small participant in an overall conflict that would take place anyway, even if the participating country were absent.
Data and Methods
The costs we include are discussed as four separate categories. First, there are the costs that fall to the German Ministry of Defence (Bundesministerium der Verteidigung), followed by the costs to other branches of the federal government. The third cost element is the cost of financing all the previously mentioned expenditures. After all, government expenditure needs to somehow be financed, either through loans (which implies higher interest payments), additional taxation (thus reducing consumption) or substituting other expenditures (crowding out). Finally, we add the non-budgetary costs that accrue to the German economy. A concise list of all assumed and real values is available in an online appendix accompanying this article.
Expenditures by the Ministry of Defence
The Ministry of Defence has borne a significant portion of the costs of conflict, which is In addition to these costs acknowledged by the Ministry of Defence to be attributable to the war in Afghanistan, there are several costs that are not included by the Ministry, but that are also part of the costs of the war. The first and foremost is wages. It is argued that all the soldiers currently involved in Afghanistan would otherwise have been employed as well. Brzoska (2007) argues that this is not realistic. The Afghan war is a long-lasting effort 3 that can no longer be considered an incidental necessity. From a theoretical perspective, army size should be a function that depends directly on the demand for soldiers, so a continued demand for these soldiers should have an upward pressure on the size of the military. This is also testified by some of the literature on military expenditure, where it is argued that the size of MilEx responds to different kinds of potential demands for military services (Dunne & Perlo-Freeman, 2003; Dunne & Smith, 2007) .
For that reason, it is reasonable to assume that the decrease in size of the German army happening during the period after the Cold War would have continued if there had not been a permanent demand for soldiers 4 . Additionally, the total number of soldiers that is involved in the Afghanistan war is not a small number (see table I for the size of the German deployment over the past years). As discussed by Petersohn (2008) , for each German soldier that is currently stationed in Afghanistan, it requires one soldier who has just returned from Afghanistan and another who is preparing to be deployed 5 . We thus take the total number of soldiers sent to
Afghanistan on a yearly basis and include their wages. The cost of employment for an average soldier is based on Brzoska (2007) and estimated to be €50,000.
Another cost accruing to the Ministry of Defence includes the costs of future demobilisation. We estimate the costs of demobilisation on basis of the cost estimates by the Dutch Ministry of As it can be argued that the equipment (including Tornado fighters, Transall transport planes, Marder tanks and various armoured vehicles) may have been purchased anyway in the absence of the conflict (which is a very conservative assumption), these costs are not included. However, given the circumstances in which the equipment is now being used (both in increasing intensity and in circumstances that are a lot less favourable to the value of the equipment) the increased rate of depreciation needs to be included. For this purpose, we have estimated the annual value for the ordinary depreciation of the equipment used in Afghanistan under normal circumstances, at approximately €150 million in 2010 7 . We assume that due to the conflict, this rate of depreciation is doubled. The capital-labour ratio (i.e. equipment per soldier) in the past and future is assumed to remain constant.
The costs borne by the government due to injury and disability are another item that contributes to the total cost of the war. We assume that of those soldiers who are injured, either physically or mentally (particularly due to post-traumatic stress), 1 in 8 are permanently disabled 8 . According
to German law, soldiers who become disabled during their service are entitled to remain in the army until retirement, receiving 80% of their salary, at a scale that is two steps higher than before. This assumption as to which percentage is permanently disabled is difficult to check and has a very high level of uncertainty. Furthermore, the government is also responsible for their healthcare costs. Healthcare costs are assumed to be €16,000 per injured person, which we believe to be a conservative estimate as well, based on the average health expenditures among people in the same age group.
Finally, for soldiers who die, their families receive compensation of €60,000 plus a widow(er)'s pension that amounts to up to 60% of the soldiers' income (Bundesministerium der Verteidigung, 2008). The exact size of the widow(er)'s pension depends on the income earned through other sources and it stops when the widow(er) remarries. We assume that the average widow(er) receives this pension for only ten years, at a rate of only €15,000 per year, which is 30% of income, to account for widow(er)s who actually earn money themselves.
Expenditures by other Branches of the Government
While the direct costs of the war are borne by the Ministry of Defence, there are many other branches of the government that are also spending more money due to the German involvement in the war in Afghanistan. For these costs categories it is particularly important to distinguish between costs that are due to the German participation and costs that would occur also in absence of the German participation. We take painstaking care to come up with conservative estimates that form only a lower bound for the overall costs. However, it is undeniable that Germany 9 is the public information sources and previous equipment purchases. 8 As shown later, the number of soldiers who falls ill is approximately 4.2%. So in total, 0.52% of soldiers are assumed to become permanently disabled. 9 The decision to send out German troops to fight a war on foreign soil is in itself a historical decision. As a result of type of country that suffers a sense of guilt resulting from its participation. In any case, it is difficult to precisely distinguish the different cost categories, which is something we deal with in a sensitivity analysis further down. Finally, while it is impossible to be comprehensive in terms of categorical inclusiveness, we believe that the main categories are the following.
Security
The Afghanistan war was meant to improve security in both Afghanistan and in the West, by disabling terrorists from finding a safe haven in that country. However, the Afghanistan conflict has also antagonised many people, particularly in the Middle East, who have therefore increasingly been threatening Western institutions. As a result of this, German security may have decreased and expenditures for security had to be increased. However, this is not a cost resulting from the German involvement. Instead, it is the additional increase in threats directed at Germany directly that can be attributed to the conflict 10 . Unfortunately, it is very difficult to quantify these additional expenditures on security, particularly because security expenditures are not contained 
Foreign Affairs
The conflict in Afghanistan, and Germany's involvement therein, has also worsened Germany's standing with neighbouring countries of Afghanistan. In particular, that includes countries such as Pakistan and Uzbekistan. In order to compensate for this loss of standing, as well as to compensate the Uzbekistan government for the use of its airbase and airspace, the German government has had to spend additional resources on both its diplomatic missions and on development and other aid. Brück and Xu (2011) provide evidence that aid donors indeed German history, its staunchly pacifistic politics makes for an unlikely supporter of invasions. This lends credibility to the claim that the German participation leads to a feeling of responsibility, which can be partly bought off by higher transfers to channels such as development and reconstruction. Bangladesh, despite its larger population, was promised only €55 million during the same period.
Comparing Uzbekistan and Kazakhstan, it is immediately clear that Uzbekistan has been a much larger recipient of development funds. Since the mid-nineties, Uzbekistan has received €265 million against Kazakhstan's €115 million. However, since these costs are very difficult to quantify, we assume €30 million to the 2010 budget for additional costs, and vary these costs with the number of soldiers engaged in Afghanistan for other years.
Development Programmes
While the German government has long had an active policy in participating in development programmes in Afghanistan and elsewhere, there are several programmes that can be directly 
Police Training Missions
The German government is involved in two main police training missions. The first mission is with EUPOL, a European Union Police mission, the costs of which are borne by the governments' contributions to the EU. Clearly, this is not a cost that has increased due to the German military presence in Afghanistan. The German Police Project Team (GPPT), on the other hand, is made possible due to the German army's presence. The costs of this programme (€128.3 million for the period 2007-10) can be fully attributed to the war.
Financing Government Expenditure
All government expenditure has to be financed and a government has several ways of doing so.
First, it can raise taxes, which bears a cost in terms of forgone income. Second, it can reassign funds from other expenditures, which bears a cost if the reassignment is from a productive use to a less productive one. Finally, governments may also borrow money, although that money does have to be repaid in the future, and it incurs interest costs.
As there was never a specific decision on how to pay for the Afghanistan war 11 , we have to make an assumption about the way the war is financed. In order to accommodate different viewpoints on the issue of government financing, we use two different methodologies for the calculation of the financing costs. Method A assumes that the financing of the war is similar to the financing of the overall budget, while method B assumes the war is financed entirely through borrowing.
In method A, we assume that the war expenditure is part of the overall budget and thus has shares of tax-financing and bond-financing that are equal to that of other expenditures. According to the long-run average, this means that approximately 90% of expenditures is tax-financed, although in 2010 this number is down to less than 75% due to the global financial crisis. The tax-financed share of the war budget is assumed to lead to crowding out of other investments, for example education. This way, we can use the estimated value of the multiplier for military expenditures and the estimated multiplier for other government expenditures in order to take the difference as the opportunity costs of financing for tax-financed expenditures. Following Stiglitz & Bilmes (2008), we assume this difference in the multipliers to be 0.4, although the openness of the German economy makes it likely that the difference between these two values is actually significantly larger. For the loan-financed share of the war expenditures, we assume that the government implicitly takes out 10-year war bonds to finance the war, which at maturity are paid back in full, together with the interest. At the time of repayment, this yields a cost of the war equal to the accumulated interest, plus a cost of financing the war equal to the multiplier difference times the sum of principal and interest. We employ an interest rate of 3%, but show as a robustness check that the value of the interest rate does not influence the results a lot.
The difficulty of estimating the multiplier difference and the fact that this method of calculating the costs of access to finance is considered somewhat controversial 12 makes it necessary to consider an alternative financing method as well. In method B, we instead assume that the government borrows all the money required for the participation in the war. Assuming no payback takes place, the interest is then compounded. We only consider the necessary interest payments until 2020, which is similar to what Stiglitz & Bilmes (2008) do. This method has a major advantage, because it does not require any specific assumptions regarding the size of the different multipliers. However, it has the unattractive property that the loan itself is never actually repaid, thereby creating a loose end that is unexplained. Additionally, the decision to cap interest payments in 2020 is seemingly random and not grounded in theory.
Since the issue of whether debt repayments are indeed part of the economic costs resulting from a conflict, we report the financing costs separately from the other results, in order to remain entirely transparent. In fact, even Bilmes and Stiglitz (2006) and Stiglitz and Bilmes (2008) are not entirely in agreement about this issue, where we follow the more recent arguments made.
Non-Budget Costs
Finally, there are several costs that cannot be allocated to the government, but that do entail an economic cost to society at large. These costs that need to be added include medical costs that are not borne by the government, the loss of lives of soldiers and the loss-of-productivity of injured soldiers. Zorg, 2006; Spengler, 2004) , that all come up with valuations that are very similar to each other. In order for our analysis to be conservative, we use the lowest estimate of these three, which values a life at €2.05 million. For the loss of productivity due to injury, we use the same numbers to calculate the loss.
Sensitivity
Before presenting our estimates, it must once again be pointed out that we are making a series of assumptions, some of which are more precise than others. For that reason, we present a sensitivity analysis for our point estimates to indicate how precise our estimates are. To do this,
we have analysed the accuracy of our assumptions and categorised them as high, medium or low.
The precision attached to these categories is 20%, 50% and 100%, respectively. The lower and upper bounds of the estimation consist of the point estimate minus or plus that percentage,
respectively. This means that in the lower bound, the items for which we can only give a very imprecise estimate are entirely excluded. Table II shows our own assessments of the precision of our assumptions. and German soldiers will function merely as peacekeepers. This decreases the injury and death rates to 0.
For those time periods where the death rate is not 0 yet, we assume that the average risk of death per soldier over the past years is continued in the future. As the mortality is in fact trending strongly upward, this is a rather conservative assumption. For the number of battle-related injuries, we do the same. However, the number of injuries that occur on the battle field ( 
Results

Total Costs
The results from our analysis are presented in Tables 3 and 4. Table 3 contains the estimates for the budgetary costs. As can be seen, in the most realistic scenario, these costs range from €17.3 to 31.6 billion, with an expected cost of nearly €24.5 billion. This is the total budgetary expenditure for the entire war, expressed in Net Present Value (NPV), with a discount rate of 3%, which is close to the long-run interest on German government bonds (European Central Bank, 2010) . If, on the other hand, Germany withdrew its forces in 2011, the budget costs would be between €12.1 and 22.1 billion. Under the full engagement scenario, on the other hand, Germany suffers a total NPV budget cost of between €35.5 and 62.8 billion. As the point estimates presented in table III indicate a false sense of precision, we also present the range of our estimates in the last line. Table III in here However, as we argue above, there are also non-budgetary costs: both economic costs and the costs of financing government expenditure. As the decision regarding the method for financing the war is likely to be controversial, we present in table IV the separate estimations for the different methodologies discussed. Under method A, which assumes that the war is financed in the same way as the rest of the budget, the total non-budgetary costs for the realistic scenario are estimated between €9 and 15 billion. Under method B, which assumes the entire war is loan-financed and interest is paid for only ten years, the total non-budgetary costs are estimated to be between €6 and 11 billion. with an expected value of nearly €36.5 billion. In the scenario of full engagement, the costs are estimated to be between €53 and 93 billion, with €73 billion as the point estimate. All these estimates concern the NPV of the costs over the entire war period, expressed in 2010€. 
Distribution of Costs
Of the non-interest government costs, approximately 91% falls to the ministry of defence, while the other 9% is borne by other departments. According to our estimates, only 40% of the government expenditures (excluding interest) are declared by the government to be a cost of the Afghanistan conflict. Even of the costs within the Ministry of Defence, only about 44% of the costs are declared to be part of that sum. For the entire war cost, including the economic costs, only about 27% belongs to the official government budget for the war.
Marginal Costs
An interesting number that does not become immediately clear from tables 3 and 4 is the cost of staying in Afghanistan for an additional year. As the costs are expressed here in NPV terms, future added years are cheaper in current terms than current years. For that reason, we can compare the costs of a withdrawal during the current calendar year (which is obviously not feasible in practical terms) and the costs of a withdrawal during the next year (the withdraw in 2011 scenario). The budget cost difference is nearly €2 billion, which is thus the budgetary cost of staying in Afghanistan for an additional year at the current level of commitment and casualties.
In addition to that, the non-budget costs add an additional €709 to 1,282 million, based on financing method A. The expected value of the marginal cost of an additional year of committing German troops to the war in Afghanistan to German society at large is about €2,970 million. In order to put this in perspective, the total 2010 budget of the German Department of Development Aid was €6,070 million .
Alternative Assumptions
Several important caveats need to be mentioned. Due to a lack of data, many of the figures in the preceding tables are approximations, and the range of these approximations is also highly variable. Some of the numbers are fairly precise, whereas others have had to be estimates or even guesses. However, particularly when calculating the least certain contributing factors, we believe our estimates to be highly conservative. Furthermore, even where our initial estimates are very imprecise, having a first estimate helps to identify future data needs and hence contributes to a debate on the transparency of the costs of the German participation in the war in Afghanistan.
Furthermore, even the imprecise estimates indicate the structure of the costs of the German war effort.
Another assumption that we have made in this analysis concerns the interest and discount rates.
In order to see the sensitivity of our results, we compared the results for different values of the interest and discount rates. As expected, the costs of the full engagement scenario decrease in the level of the discount rate, whereas the costs in both the immediate withdrawal and the likely scenario increase with increasing discount rates. Moving from a discount rate of 3% to a discount rate of 7%, increases the likely scenario's point estimate of total costs from €36.5 billion to 38.1 billion. The immediate withdrawal scenario increases more strongly, moving from €25.5 billion to 28.7 billion, while under full engagement, the costs are reduced from €72.6 billion to 67.2 billion. All in all, not a significant change 13 . 13 The results under financing plan B depend on whether or not one assumes the discount rate to be equal to the interest rate. Under equal rates, increases of total costs are from €33.2 to 44.4 billion , €24.2 to 35.5 billion and €61.2 to 69.2 billion for the likely, immediate withdrawal and full engagement scenarios respectively. Keeping the interest rate constant at 3% and increasing only the discount rate from 3% to 7%, leads to minor changes. The respective scenarios see point estimate changes from €33.2 to 32.8 billion, €24.2 to 25.2 billion and €61.2 to 54.8 billion respectively.
Comparing our results to those of Stiglitz & Bilmes (2008) , there are several cost channels that they include but we do not. These channels particularly pertain to macroeconomic effects that are due to the war and not due to the German participation in the war. Additionally, there are several issues that are very specific for the United States, and are not as relevant for the German case.
Issues that are excluded due to their occurrence as a result of the war include the influence of the conflict on oil prices and stock markets. US-specific topics include insurance premiums for contractors, official veterans' services and sacrifices made by family members in order to take care of loved ones.
Finally, we only consider the conflict's costs to Germany. A large share of the costs, however, is not borne by Germany at all, but instead by Afghanistan or its neighbours. Such costs are beyond the scope of this estimation, but should certainly be included if one were to study the global economic costs of conflict (e.g. Bozzoli, Brück & Sottsas, 2010) .
Conclusions
In this article, we provide a comprehensive estimate of the economic costs of the German involvement in the war in Afghanistan. We do so by looking at the past government expenditures and by estimating future expenditures based on currently available evidence, while recognising that there are remaining insufficiencies in the data. Using the available data, we are able to provide ranges of total costs, expressed in net present values. Additionally, this study provides a uniform framework for other researchers to analyse the costs of going to war for other countries and/or conflicts. If this indeed happens, it will be possible to combine the different studies and calculate the total costs of the conflict, which is going to be useful if one were to analyse whether the costs of the Afghanistan war outweighed the benefits.
Our conclusion is that in a realistic security scenario, the annual costs of the German engagement are nearly €2 billion, excluding significant interest costs. This is clearly much higher than what government data have suggested in the past. Once financing costs are included, the total annual costs to the German government exceed €2.5 billion, contrasting with the government's 2010 request of only €1,059 million. This implies that the actual outlays for the war in Afghanistan make up 0.6% (excluding financing costs) of the total federal budget, which may be small, but is still a significant sum that is not properly accounted for.
The Net Present Value of the costs to the government (excluding financing) of the entire German engagement in the war in Afghanistan sum up to between €17 and 32 billion. Furthermore, the other economic costs add up to between €6 and 15 billion. These items include the costs of the financing of the war effort and societal costs at large. Hence, costs beyond the budgeted costs are a further important element when assessing the total costs of the German contribution to the war in Afghanistan. These estimates are still uncertain and we hope to have more complete data available in the future to make the estimation more precise. In all fairness, the total annual costs of the participation are thus very small compared to the overall German economy at 1.2‰, but its total impact over all the years engagement still adds up.
If this article were a cost-benefit analysis, we would also discuss the benefits that have resulted from the involvement in the war, but as the benefits of this war are largely non-monetary and thus very difficult to estimate, we choose not to. For that reason, we can also not examine whether the war effort has been worth the costs incurred. We can say, however, that there is a large discrepancy between the Ministry of Defence's estimations of the total costs and our own. These discrepancies are largely due to the types of costs included, but we firmly believe that the current costs included in our study are relevant and appropriate.
However, it must also be said that there is a large difference between ex ante and ex post analyses of the economic costs of conflict. Regarding the war in Iraq, studies estimating the potential costs of the war before it had started yielded very different results from studies that came out while the war was underway. After all, the outcome of any conflict is highly uncertain and this makes ex ante cost estimations subject to a large margin of error.
Data replication:
The dataset, codebook and framework for the empirical analysis in this article can be found at http://www.prio.no/jpr/datasets. 
